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(57) Abstract: An exposure apparatus, 
wherein an exposure of a substrate 
(P) is carried out by filling at least a 
portion of the space between a projection 
optical system and the substrate (P) with 
a liquid and projecting an image of a 
pattern onto the substrate (P) through 
the projection optical system and the 
liquid, comprises an air-bubble sensor 
(20) for sensing air bubbles in the liquid 
between the projection optical system 
and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space between the projection optica] 
system and the substrate with the liquid. 
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fS'JfflUMC O N TttM P«B(DZtt»Allz»M-«ttB««ldi bo 
o s S*5PI^LTli^S1-5 (Xf'y7S2) 0 

04>£MU H«[P±a)iS»«*l3igS***iSo 0 4 13^1" J: o lz x 

ttBffttrtOft&POftBCftftl 8##fc (ft*) trusty ftftl 8I3 

^»C*t*^*B)fett2 2 MZ&ftZMfflMi&l&yr*. S*SP2 2A N 2 2 
B&7J2 2 C®*ffl£SI*fM»£BC 0 N Tl:^*^ «jftl£fiC O N Tli3 
©B**2 2TBm**i**©B*K*^i\rx ««P±l3«JSA«#4r«^B 

ddT, MfcSfiCONTI*, B*SP2 2B X 2 2 CT?«tH**i*3feOB«C 
5*#!&A*Tf3te*tkat-*(3!)T! % »^SCONTIi, S^SP2 2B, 22C 

sts p ±(Dmmm£ tz <o amm 1 8 ©i s 3 1 1 x- § 5 0 
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Z(Dt%, StS P (D X Y £[S]©<iLgl± U -tf^It 5 5 CDH-)fJ^ck "9 

Tlix \y-^m^5 5©IH!IJIS**t/»3fet**©3Mt4<fiTLfc«jfe»2 2 
A0Kfli(ft«tM1-51t«lza^i\rx *«P±lifeUT»J&1 8tf#£-f3<£ 

0 N Tli3(DM)^ 1 8©timif $B&i5tS&ttM R Y \Ztm*% Uf<v7S4) 0 

* fe> mmmm cont i*i$k p & x ttftiaiz&E uoois p uT&tts 

3 3Ts IBti^if M R Yl3li s SI5Pl3^UTF/fM0)M^->fe^||jtT/\'^ 
->#te¥£*i3fr*rofr©ttf&1 8lCH-*-5L*U«[11l«A<IB1t**iTl\*o 
3©U£U<Slix 8a5*t*tB8f 5 Ltuttx o©v3 y h 

mmz-D^TCD^fel 8 0S tM1-SL*Utt&dt?o $iMtCONT 
lis lB1g£BMR YlilH1S*tiT^SU$Uffi1f«fc N 2 0 IZ «fc 5 SC 

i&fctbteSfcftitttrs Ufv7S5) 0 

Wxtfx g©i>*^ftj&1 8*«Jftfl£5 0+*fll3W:»atLT^*»^* % 

1 8 «ft4>i;:#£ l t l n r t mM© / ^ - >teafm£ &f# & ft a s „ 

»j&ttais2o©ttaiis*nas^i»Tx s*sp© 
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\Z*tb, IBH^MM R Y iztm LTfc < 0 

z.\£&yttikmhft**mLtci) . &s miffing d s^H^mistii 

ffilUT. KMBUi (Ltl**JjLt) ©ft»A«#fcf 3§4SI*qLfc!K &5 
lW**«P±lCfcH-*ftjai 8©{iatffS^^^SD S-7SE*1-5*(Z)4!yi* 
fT-5 Uf'y7S7) o 

ZZH, m6lZ?r,i-<kolZ, &tilP±<Dim<D*say hfldftS HO^ti^tilC 
outS3fet*«^i;o^T#i« e 3©^, 7f>y7S 6l;:fcivr*l»1 8 
*<±8BL*txfitJJl±Tfe5fcJ|ajWfLfc»^T?t,s W(W««C 0 N TI*BafeftlS«: 
fttt-fSo 3©fc# x $<JftP£lfiCON Tli N StRP±Offi[jft©S/3y hfl&SH 

H©a*SC>&1 8lCck!p/^->©^©^^3i^lz:fft)tlfe^ofeS/3 y hfl 
HUSH' fciS'tSUgMR YlnKIt"*-* Uf-y7S8) 0 B«3I$t7flL E1S 
»R Yl3lB1S^tife'lf$g[3So%NT x j|8[(D'>a* hfi«S HOo*/^- 

>o>ift©tt<ftA<a^i:(ft>*ife^ofcs/3 y hunts h' I'ours *©&a>gy 

tU^L 1 #«tft£*w Ytt^©Mfim^ail3WLTtttb3feL e^jftW^tlSo 
CI©fciBftL 1 *LeOSM2 2T?©ft3tettJllfc*^t\Tx SM5 6l:»#5 

mn p a ©«*apft>ET?*f*: 5 0 ommmco^^izj: & ^ 5 6 ©-spcr^f* 
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5 QM%ft$tiTts:\,vttmw3ii:tcm&\at, &tbftL eco%m^mtL-c^% 
^2 2iz^^ti-r. ftxzmmtftZo mmmmcouj\t. ^ai&LecDg 

« 2 2 A©gft$£Hl;:g^T v £R9 5 6 IC^f* 5 0 mtzZhT^ftU Z t 

*l£o ^CD^lJIt,, &tBftL 1 ©&8§tf^bUTg«2 2 AI;:#U•^JNAat 
:|#fiIh&3o W^gCONTIi, ^SP2 2 AOD^f^iwSo'UT, £RB5 

20 its %L&%m*p Lt&fcPt(Dm(Dmte5 o w^z+zztztkihtzm 

3©»^l3fe^Tfex fflffllMCONTlix aMgP±©*»0^ay h««S 
H©**i?4i©a^(fli*^JE^aiM2 OlZck**iffl*i ©&£ii£fT 

&*£»^J£tf£i;fc;>3 >v hffitt (^A^a * hfc«) S H* fclEtSHSMR 

^Tx ttftffiS/a y K^S H©o**^JEIijBBUT/^^->0«(Dft<ftj!i«a 
WCfTfcfifcfrofcS/a v KpI^S H ' IIOUT N *©ft©»J U-f -^©RJtftig 

fflgfic o n t tttafe*tdi*i"5o ©jfflsac o n Ti*3S4^ai$nt©ftai 
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L fe § II P L ommm t ftf* A<» o T L * -5 »M # iL 6 *l * o 

Ji^±ra Ltc & a Id. P L tgtfi P fca>nfl<z>£|||| 5 6 lzM1ttSti1t 

fcfe uT/t * - >te^«jsi3* * < ig«4aK-r»ja 1 8 ®tiim®&+z z t 

ftJ&IZ*di**<ilR»**i*3 4:l3J:?)«3lt*2 2TS6it**i**03SA/j«»b+ 

»*Lr^5^ftttmLfcttd33tta4RPii#*LTU5aj&&ttmLfcttai 

*fcT?l*S6fc«12 2B, 2 2Cl3S^^tiS^03iJt^&^©Tx &tfaLfc& 
^^3lLruS , fe©^at4SEPIIf<J-*Lr^5t»©^*g3taJ2 2 B, 2 2C© 
»*»*ld»^^ri|aJ3W-<-*Cfcfeor|gT!fe*o ft£h&fcJSi*#S&l&P 
L ©T® 7 lift LTHJWJf S 3^l3<fcl9. P L ©T® 7 fctf* LTU 
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-sp p a>mmtiL&(D&& \zm u r t «fc t \ 0 

fcfcx *^JS^IB-ettx £1**2 1 liS'tRPa)^fi*iRia)!SI*ifc&a^&siK 
Pl3^LTXZ¥®i:¥fTl^ttl7 l 6^^t?)3hlCck'9, «Wi»JSOfii±4ia 
oTU*#, a^PllMLTYZ¥®i:¥fi : l^ai^^feW1-i)«h-r§Ci: 

h& (ttttift) ftKBItLfctfs fcliLttl oflDXtf.y Y$4£|o][;:j£SLoo, 
ZKDXtfy h3tl^LTSt5P^X«|^I^S1-5«t-5ICLT s feJ;Uo feSU 
l±v YttrfrfclifiElfS*** h^*»4EPIia»1-5«k-5ICLr«fcck^o d©cfc 

rlfiWLfc*^ ifcf-vPST (ZXf-y5 1 ) ±CD^iIt»*t ^-tz > 

^4ffl^S»^l3fes«»^»PLO«Sffl4»#T»fc1-^fcA<#x.6*i5o 
d a UfcthSflSMt^-b >+*"C;fcf*£^ LTtt-Mtfrd SaBft^ PL© 

I^LTtckUo i^f-vPST (ZXr-v5 1) ±l3ffiutf§#fl 

I+M^-tz >t©I^S<j4^g!:oUTIiJii 2002-1400 5^fg N 
W1 1-1 6 8 1 6^&$BL tirl^S 5 7- 1 1 7 2 3 8^&$g N M¥1 1 
-2 3 8 6 8 0^« x #§12 000-9 7 9 1 WM 3 F4 - 3 24 9 

2 3^$B^^p$ffl[i|Big^tiTfc'9, **i?*i*SP8diJi|-C^*fcliS^* 

^lls *«B < 8©SiJ(Z)^Jfi^Jil(lo^rS8*#flSLft*<6SiBJit-So WT©tt 
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H8l*s ift^^PL©$t«g|J>£ft&^"j-fiiJiiia-CfeSo EI8l;:fcUT\ & 

fc>9> S*RP±tl±*{*5 0©»aifW«AR^J56**lTl\5o El 8 "Eli. 
S!i«P±C»#5 0fttttt1-«ttl&^X^4aifMP±a>*#:5 0*la|iR"i-5 

^6 OfcWlRlLTl\Sii^-Dl\TlttB < S-j-5*« N ^200 2- 1 4 00 5-Sf& 
«L ttBMM 1-16 8 1 6^« N ftMBB5 7 - 1 1 7 2 3 8m »H¥ 
1 1 -2 3 8 6 8 0-t&$B N 15133 2 0 0 0 - 9 7 9 1 6-*§-£$B N - 3 2 

4 9 2 3^fB&^l3^^tiruS«fcafex jtftXf-yPST (ZXf-y 

5 1 ) ±0#@It)l'JW^4z >tl"^»^ P L©^H^6 OE^LTU 

B^$l« E X l* N £& P ©S&B'lf $B£&fchTl-3 7 * - * *fctb* 7 o 

ru5 0 7*-*^«di*7 0i±x s«)fe^PL©ft»i«iPA4»mro 

6*tEP±©»f*5 0 4^Lra*RPSl® (B3feM) !l$to£[q]fr fc&fch&L a 

7 2<D*3fettlllizattJi\rx W*aMSilizWi-5SttP*Bia)Z*li*fiiizfcH-* 

feg ^«$*^tH1-?)o EI8T?lis JftS**7 1 RXf 

§7fe^7 2l*jS»«H*PA4tfe^±X*fR]a)*ti*tiOflyiIx fei^I^PAfr 
6H*l£&SKigtte>tlTU?>tf N &it&7 1 &tfgft£7 2liJftf*fIi£PA& 
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Mcd s M*tf^hU*;M*©tttt©fcjSt t©&7*-*;x.{&M£# 

- v«f P S T D fe^h LtS^Xf - v P S TO Z Xf-y 5 1 (BM#j$) 

fcfcfcx ZXx-i>"5 1 li N 7*-*^ftffl*7 0©tt/±ie*ti!i^<iSiJffll«it 
CONTfr6©^dgc5l\T!j)ftU S« P © 7 * - * xfcB (ZM) 

MMt«y«PLra«tPo>9iiii imtm) fc»«#^*p Lairds o*4hi, 

E|8l3Morv ft»^3RPL©^i|»jfi»lC|i % 7*-*^^di5R7 0©fe 
W*7 1 fr&ttW*tlfcfca3teLa*MRTg6fcft1 &3*g|5*t8 1 St£P± 
TSS* L £&fcB& L a nJtlfcft 2 ft4HP# 8 2 ffSI* 6 tiT l * 3 0 ft 1 
*^»#8 1 Rxm2*tmm 2I* N &I2*^*P LJfei©^«?6 Ofcli 
»«LfcttJBn«3fel***irfe*)s »1 3fc¥*M*8 1 l*3fe*«*6 00-XMiiJ 
1313® * tlx ft 2 8 2 tt^ft^- 6 005+X *|rHWCE«* tir lx 5 0 

*fex ft1*fc3agp#8 iat/«2^»*t8 2(ix «**ELto3fett»tfaHRP 
<r>®mm\fl£ l^i-ClQ»»««A R ©»fls 5 0 Kfctt pTHftffiiltttH- 6 
tlTU3 0 

EI 81^1" J: P ©B&*Q.3I*|;:fc UTIi, fcJB#3MiP L fcML 

21 



WO 2004/053958 



PCT/JP2003/015737 



P t<Dffi(D&%:ft E L <D«©£Ttf 5 0 X'Mtz^h, StR P±t fc 
mm® A R Aijjtiil P A (Dit^Io «k o ft i9r£©!|*JB t ft o fe » N $>ftf£ 
*$A R 5 0 1±* 1 8 1 aif« 2 ft^SB** 8 2 (D*Mti 

O^miZ^m LTU£, 0 l£tEP±fZ»Sfl«ARW^dtiN $1*5 0 

^1^SW8 iatJ f »2 3lt^gp*t8 2©^*i?*i(Di|li®tMUTU5tt98 

Mfi P ±te I* S JElfrfe L a (D&SS© o £ n 1 ft^SW 8 1t^2 8 2 

ft 5 OTlMfzZfotzWm-Clt, 7*-jjX®lh%7 0©felt^7 1 fr&Wtti**l 
fcfctijft L a fi N ttfi P ±0) j£Jfcfc^# P L (D&Bm® P A CljStte *i« «fc 5 Id 
K££*iTU3 0 ftfc\ &B$mP A(Dft®L ftfcK&tltSPAIllttLT&EP 

*S«*«A R W^OttflS-C^JSftdtis Sft1 3fe^SP*t8 1 t^2 3tm8 2 
&£±J&7 0(DjftSt*7 1 3^6ltai**ifctttB3tL att x tfe£l-\>S*/fft 

z ft < x jg 1 Tfc^m* 8 1 &tf a r (omw s o zmm lts*s p (& 

Ra>Sftf*5 0^^2itm8 2 4i&flLT5&*7 2 KWSMflfrCSftati 
§o tftmi"tiliv 7*-t>Z&iHm7 0<D&M%7 1 ^6S*iii**ifctttB3feLa 

£®«fc-5lZ* 7*-*^fttti^7 0©g^7 2(Dffl*lcat"^L\Tx fctiJ&La 
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ftftKffl* P A izmmt HZxko fcfc o T t) N ttl^m P A *SfcB## E L 

WfcLTBtWLfcff, 11^8 1 fc»23fc^»#8 2 

ttf3&J*UT»j»!W*A R©*jtf*5 0*9ltt*¥fiP*i-©rtflli5li«*d-tt5 3i: 
£«fctK jtiMMAR 2©^tt&Afflilti*1-«^fc3!><T?S*o 
ttlZfelvrii* B1 5t^SPW8 1 aif«l2*q6»#8 2l*»»^*P LCWU 

r»«turisi!it6*irt^3b< N &i^3M*p L©^*^e o t-ftum+bh 

±E»1 x »2^S*f8 1 s 8 2©W?&*»ttmiB?±e»l£ 

fR«A R©»#5 Ofi^aJ*f©»f*:»MiailI*»La< J&Sfetox »»«4IA 
R©m^$t^fL^<ft5o 

1211 0|* x »«««AR©*fl£5 0»f(3»yai 8##&UTU3tt«fcjF*R| 
Tr&£ 0 1211 013^1" ctol3, 7*-±>Z&&%7 0<D#L%$k7 1 

fetttt©»a*La©a*x aikm 8iiafeofcttaftLaiitta^ja*f&^* 

£U3o d^ldcfc «9 . 8II^feofe^i±i7feL ali, 7 2 d&afcfSc 

TLfctt«lT?S3fed*i5*\ fe*tWi*©3tK^fb1-5fctoS3t*tiftl\ 0 o 
*f?x *f*5 0Ep^«?S 1 8tffc3i§£ N gfc*7 2£Sg#3*i* 

ft$££«ft (fflTF) t5, Lfc^oTx -7*-*X^ai^7 0l± N g^3R7 2 
©fcbainScfUTx Bft&E L©3t«S±l^fi£*tifc}ftS««AR©*ft:5 0* 
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iz&&.-tz%.fa (m&sp#) 1 8 *&¥mz&&tzz mmw*A 

RI4B3te3feEL03teB±|^ri6**i x gjfc, fcfctifcL al4Bft3fcE !_©«©- 
SP"C&5iftK««PAftJBStf Sfctt^ 7*-**&tU&7 0I* N gft£7 2© 

%m,%% E L ©*£#»{* 5 0 Tf »fc**iT U 3 d fc § o 

7^--*X^th^7 014, $#:5 OfcfctfSfcfflftL a©3tett+©fci& 

1 3tw*t8 1 otm (mmtm) fctt»LTi\**ii&i 8 b, »2&3ss$# 

8 2©«® UtttfLTl^Sliai 8C, RXf^mP±lzHmbX 

^5*JS (^Efi*) &tto dOckatx jft«^«AR©*(*:5 O+liftJSI 8 

W4ts«^v 7^-^x^ai^7 o©&t**7 1 frstta**ifc*m*L a 

*«tM4*©*tt*«<b*"ttrS*iR7 2tgjfe**iftl\a)T(»^Lb#J(a) * 
7*-*7m7 0l± x S^7 2©dJ*lZ*^urx B3t*EL©^8S±li 

»l^&*lTUS*S««AR©*ft:5 0if©a<*:aJ» ©^^^£hf5 
3tA<7j§5 0 

*^JISJgJI8^fel>ri4x ^*-*^^£±i^7 OI4v S^7 2©ai^(3 
&-3l\Ts ttaj*La©3te»*©ftfc1 8**dttr**J*T!Mfc*>, S*5P± 
l:f>ffLTU§^mi vi2M#8 1 % 8 2I^^LTUN5^1 8 ( 1 
8B N 1 8C) It&UZA^ itlMNARftWS^S 04>ft**Lrt\* 
8 ( 1 8 A) lCOUTt«aj-r*ii:3&<T"#*o *©£«>. fctB&La© 
7tSS±Tfeti(4\ »M«A R©»#5 (>*©«&& E L ©7feSSW^©fe®|z# 

^7 0^^LTS^P©®iiaifffB4^tiiLooS«S^iT-5o 

©s Sfttt5 04«©a#gp»©^^x &aj&L. aro^SScp©^^©^^^ 
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Sfttai 8A<S*SP(D^ffijlI^oTjSf*:5 0 UTB&&E L©&g&±l3 

0l3J:oT, B*k)fcEL©#lfcJaft©to«l;:#4*-£ftft1 8tfg&ftEL©ft 
8§±l3!3e^*lfet), SSP«iT6 0t#ft« v *©&f&1 8£& 

IlTUfe^l 8*<B3t^EL(D3feSS±^S4RP±tiBS**i51irtx 7*- 
S 'J^Xtt0)^lZlS»1-5fctox gft^7 2l£gft£tiaMfe©8fcii&La* 

*i**i©fta&js ica^r, 7*-*xttaj*7oiisi7ai 8©&g 

«n fc3lWi*©fcaiftL a 535^*7 2 ©S^gP©^g&atM^-5 

m«icstJur N m>$i 8 ©&g 8 ##&u £&&&©&&) 
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mw 5 o w+ft\zffitc$ ti-?\zm& 5 o <D-®mj)hi:, mmw a r #m^© 

£>i> 0 7*-**&tB£7 Olix Z®%mmAG(D%m*&&t%Z.t*>-T:Z 

^81 ®tttf^Afc£fl;:«fcoT£i;5o S3 1 1 "Clix «ftfR#AGtt»2 3te3*aJ 
**8 2Jfi»ll^fig**iTfe0x »«AR«5 Oli«23fe^SP*t8 2 (Dm 
Sfcfc* (ftftk) ItU&Uo £©*§£•(;: feUT^ 7 7 0©& 
1**7 1 ^6ltm**ifc*tti*La-tt % tt»ffittAR®»#5 0£ftttffii*AG 

HTx »»««AR©a*S)fe3tEL©3t»it'©af*1i«AGfl!)*Jltx 1-fcfc>£ 
B3fc3teEL©&fttf}ft#:5 0 T»fc* ftTI^SfrSfr £ 3 #Tr£ £> 0 

£fcx ^(Dl^fcUTt., $iJ»gCONTIi N 7*-;b7s&£ti&7 O^o 
T3£« P ©ffi&fitit«B&&tiJ UooB**WiSfT-5 fcttx ^©7 * 
7 0 (S&3&7 2) ©di*liao-LNT, ^ProB^I-S^EL©^*© 

* x»^teS*taf*:«i*A G &7 *-£7x&tB;fc 7 0 T&tU Lfc^l3l±, 

*^±Lfc»9x Mi^n t<fcsiaf*ttj&fi:^ja#isiiRg«2i k :«t5»*i5i 

fcZ^Trx S*5Pfe*SS^ftiat-SWS^Ii. HI 2 (a) iCjjVf cfcolllx a 

^® 1 RxfmwmnsLmm. 2 ssgwi-s - tn&m p±immm®A r *mmt% 
mmw*i&imfttfint>ti&o zatz, «»s«conti*x 7*-2>7x&ttj 

& 7 0 ©Jfttfft 7 1 «fc U &itJ3fc L a P Loo»3te&3ffiffi»»&« 
»B8ttf**fTacii:lcJ:0x 7*-*)7x&Lii*7 0 (gft*7 2) ©th^CrSo* 

L>Tx *«P©B3feMi&©aS«:i|£iJBf-*-S3fc3t)<T?tSo 1"fet»tx B^SM 
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OfflMttKAttftCftl'T, m^ 2 (b) izftt **\Zs tmw*ARM*m 
+&iZBf$$tl1'lznftm®AGm&tZ®<ei, gft*7 2l3ii1"S^th3 1 6L 
a©3fe»*J±fiT-f*o $J«gC0NT(i N 7*-1jX&ft&7 0©S3t*7 
2 0)ttJ*l3So*LxT, *««**ARIi*€+»|^j5ft*4iri^l\4:*iJ»fL, jft 

oTtt»#tt|ftSS« 1 ©»fc{JW&*^»ft|5]]|Rga 2 ©*f*lsMX»&£M Lfc 0 

(c) iC^f J:-5IC X »Sti«AR*<+»f^^$tiT, SS13fe3*SM*8 1 h!g 
2^W8 2 fc©«OtttB3feLafl!)^|»A«»f*:5 0 7?»fc**i5 t x 
^ P L 6 0 t&fa P fc©Ra ©Bitot E L 5 0 TffftfcS *i 

fcChK&So 3©^II33UT N #3**7 1 ^6WHi**ifeftai3tLal±S^ 
»7 2IEfllfSa)3fe»«TfAltr«©TJ, M«I8«C0NTI*, 7 
7 0©g&^7 2©tB*lzS-^ur, *afg«AR#ra/£*ftfcfc*J»rU 
B3tete34W*fifS ^fctea^TfeS ^Jlt5, fcirc x W^IC 0 N T 14, 
B&ftE L(DJIB»*BBi&LT«3fe*B31*fT-5o 

^3Tn ±iiHLfectai^ a*fiP©a^*lC33UTx 7*-;t)X&fcij&7 0 
(Zj^TBftftE L©3feifc££fc}fcSSI# A R (p£*liS1 8^£tfMI«AG£© 
mft§|3#tf &ifc£*l£i§£ N ftJ^HfiC 0 N T li^©g*5 P <Dnfttm*fr±+ 

t*<#^6ti*o 3©J§^ X ^isn^MSortiTrfesiittoe.-rs B&&3I& 

^7 0©M^7 1 ^&JftW**ifcttft©ttm3feL a 1 -La5(5^ s «*£P 
©xy*;aJEfc««P©JSIt>li|fl[H-6*ifcyu- h^W5 7 h©M©Wn5 811 
JB§*<aFtifcfciti&La3l4, »a^®#ffti:t±i;T:*)fe*7 2llWf«©)fe3ft* 

lt6tlfc^WTfeoTx 7U- h^5 7©±®t^P©±®h[4BSI^i; 
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